1. Answer any two questions from a to c 

[12.5] a Sketch schematically the E-k diagrams of direct a 
example in each case. What is the significance of these E- 

[12.5] b Sketch schematically the energy band diagram of 
junctions. 

[12.5] c Sketch schematically the energy band diagram of 
Schottky junction a. Sketch its I-V characteristics. 
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[10] 2. a Consider an npn bipolar junction transistor which is connected in the common base configuration 
and operating in the active mode under normal conditions. 

(i) Sketch schematically the “transistor diagram”, by using rectangular blocks for the emitter, 
base and collector regions, showing the doping in each case, identifying the depletion regions, and showing 
the battery connections and the currents in the circuit. In this diagram sketch schematically the minority 

carrier concentration profile across the base when V EB = -0.6 V and V CB = 12 V. How does the collector 
current depend on the emitter current and V^f! What constitutes the transistor action? 

(ii) Show in sketch a (i) how the minority carrier profile changes as ^EB is modulated around a j 
dc value. 

(iii) Show in sketch a (i) how the minority carrier profile changes as V CB is changed (for example 

._from 12 V to 13 V). What is the effect on the collector current? 

[15] b (i) Draw the high frequency srriall signal equivalent circuit of a common emitter (6E) bipolar - - 
junction transistor biased to be operating in the normal conditions in the active mode. Explain very briefly 
the origin of each component in this circuit. 

(ii) Derive the small signal current gain jS and voltage gain A v as a function of frequency/when a 
small signal source with an output resistance R s is connected to this CE amplifier. (Remember that you had 

assumed normal operating conditions and active mode). Sketch j8 and A v vs. frequency. 
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3. Consider a /^-channel enhancement MOSFET. The threshold voltage, V tk , is -6V. 
a Sketch schematically the cross section of the device when V GS = 0 and V DS = 0. Label this diagram 
clearly and identify all regions (e.g. n + , n, p + , p ). In the following diagrams you only hav e to la bel 
important parameters and changes. These are schematic sketches. Why are /^-channel MOSFETs less 
preferred than n-channel MOSFETs? 

b Consider V GS = -3. Sketch the device cross section when V DS = -1 and -12 V. 
c Consider V GS - -8V. 

(i) Sketch the device cross section when V DS = -1. 

(ii) Sketch the device cross section when V DS = -2. 

(iii) Sketch the device cross-section whenV^7= -12.” 

Sketch schematically I D vs. V DS for V GS = 0, -4V, -6V, -8V and -10V, and identify the above points c j 
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(i), (ii) and (iii) on the sketch. Identify the V DS(sal> points and show the locations of 
this sketch. What is the condition that determines the locations (locus) of I DS , V DS(sal) , V GS points in these l D 
and V DS characteristics? 

[4] e Sketch schematically l DS vs. V GS for V DS = -20V. Label your sketch._ 






























[25] 4. Using clearly labeled diagrams explain and discuss the principle of operation and characteristics of 
LEDs, including heterojunction LEDs. Your explanations and discussions must include, the heterojunction 
band diagrams under zero and forward bias, recombination regions, I-V, optical power vs. current and 
output spectrum sketches and how the output spectrum is related to the energy concentrations of electrons 
and holes in the conduction and valence bands . What is the spectral width of the LED emissions in terms of 
photon energy spread? How does this change with temperature and bandgap energy? Derive a relationship 

between the spectral width AA of the emission from an LED and its operating (peak) wavelength A in terms 
of temperature and fundamental constants only. 




